The peach palm cultivated for the industrial canning of heart-of-palm has different portions whose utilization can be maximized. The aim of this work was to evaluate the composition and structure of all portions of peach palm rod and to investigate the possible utilization of the by-products for flours processing. The central edible portion had the highest content of protein, fat, starch and the lowest level of dietary fiber. The highest content of oxalic acid was found in the shell. The tissue is formed by fibrous elements, xylem and phloem vessels, amiloplasts and calcium oxalates in druses and raphides. Although the oxidative enzymes of by-products were inactivated during drying at 90℃ for 36 h, the color parameter indicated that the flours should be dried at 60℃. The median sheath flour had a lower content of oxalic acid and tannins than the stem flour, but similar content of phytic acid.
Introduction
The peach palm (Bactris gasipaes Kunth), known in Brazil as pupunheira, is a specie of native palm that grows in the tropical forest and it is now being cultivated. All the peach palm portions can be utilized although the fruits and the heart-of-palm are the most important economically. Among cultivated species for the production of heart-of-palm, the peach palm stands out because it is an excellent alternative for sustainable production (Galdino and Clemente, 2008) .
The palm is generally multistemmed and after the harvest for heart-of-palm, offshoots will grow providing another crop in the future. The edible portion, known as heart-of-palm or pupunha, is a delicacy appreciated for its flavor and texture and is described by Mora-Urpí et al. (1997) as "the tender internodes which extended from the apical meristem down to 10-25 cm bellow; the tender tubular part composed of immature leaves wrapped within the tender petiole sheaths; the tender immature leaves above the enveloping sheath". The heart-of-palm can be divided into basal and central, the first part is used to make a product cut into cubes due its lower quality (less tender, more fibrous) while the central part is commercialized in cylindrical form, generally processed and sold in glass containers (Egea et al., 2012) .
The peach palm has 3 to 4 sheaths that surround the edible portion, the external sheath or shell is green and the internal sheaths are lighter in color (Figure 1 ). At harvest the rods are cut and a stem portion below the edible portion as well as enveloping sheaths are eliminated during the peach palm processing. The sheaths and the stem portion generate a large volume of discarded material which has negative impact in the environment.
There are many studies of peach palm (Galdino and Clemente, 2008; Egea et al., 2012; Yuyama et al., 1999; Monteiro et al., 2002) but no one described its composition and structural characterization of all its parts. Besides the peach palm tissues characterization, there is a need to improve the utilization of its by-products generated during the canning process. The sheaths and the stem portion can be processed into flours that have a potential market as a new food ingredient rich in dietary fibers (DF) . However, during the processing of the flours browning can occur darkening the product (Rocha et al., 2008) . The dried samples were coated with gold in the Sputter Coater (Baltec-Balzers SCD 050) and the images were obtained in scanning electron microscopy .
The different portions of peach palm fresh were observed by SEM. The samples were fixed in a solution of 2%(v/v) glutaraldehyde and 3%(v/v) p-formaldehyde in 0.2 M phosphate buffer (pH 7.2) for 24 h. After this period the samples were fixed in 2%(v/v) osmium tetroxide, dehydrate in ethanol aqueous solutions from 70 to 100%, dried in the Critical Point Dryer (CPD 030, Baltec-Balzers) and coated with gold in the Sputter Coater.
Preparation of peach palm by-products flours The peach palm flours were obtained from the median sheaths and stem portion discarded in the processing of the canned products and classified as median sheath flour (MSF) and stem flour (SF). The external shell was not used for flour production due to its green color. The processing started with the separation of the various parts, washing, cleansing, cutting and drying in an oven with forced air circulation (Marconi, MA 035) at 60, 75 and 90℃ for 36 h. The dried material was ground in a knife mill type Willye (SOLAB, SL-031), passed through a set of sieves from 25 to 100 USS/ASTM, subjected to vibration for 10 min, and the flour of 100 mesh-passed particle size was analyzed.
Oxidative enzyme activity and color parameters The oxidative enzyme activity of raw material (median sheath and stem portion) and flours produced was investigated. The peroxidase (POD) and polyphenol oxidase (PPO) were extracted using 100 mM sodium phosphate buffer in pH 5.5 and 6.5, respectively. The samples were filtered and centrifuged at 7,000 × g for 20 min at 4℃ (Galdino and Clemente, 2008) . The same extraction was used for the flours prepared and dried at different temperatures.
The POD activity was determined using 0.2 M phosphate buffer (pH 6.0), 0.5% guaiacol, 2 mL of the enzyme extract and 0.08% H 2 O 2 (freshly prepared). The PPO activity measurement was done using 0.1 M catechol as substrate. Readings were taken at one minute intervals in a Spectrophotometer (Biochrom Libra 522) at 470 and 425 nm, respectively. Both activities were followed for 10 min and the enzyme activity calculated by equation 1 (Ferhman and Diamond, 1967) .
Where EU − enzymatic unity (ΔAbs·mL·min −1 ); ΔAbs − absorbance change during the reading; Δt − time variation (min); b − optical path (1 cm) and V − sample volume (mL).
To monitor the drying process of the flours at different temperatures the final moisture and color were determined. and limiting its utilization.
The use of peach palm by-products can be maximized through an understanding of their chemical composition and structure that will allow the implementation of diverse processing strategies for the development of economically alternative products. The aim of this work was to evaluate the composition and the microstructure of all portions of the cut peach palm rod and of the processed by-products (sheaths and stem) flours, investigating their oxidative enzyme activity, types of mineral inclusions and antinutrients composition.
Material and Methods
Material The rods of peach palm were obtained in Mariluz/PR/Brazil from a commercial crop for heart-of palm processing. Reagents utilized in the analyses were of analytical grade.
Peach palm portions characterization After harvesting the different parts of peach palm shell, median sheath, stem and edible portions (basal and central) of different rods were separated and subjected to weighing to calculate the yields.
The proximate composition (moisture, ash, protein, fat) and the determination soluble (SDF) and insoluble dietary fiber (IDF) of the fresh portions of the peach palm were determined according to AOAC (2002) . The total dietary fiber content (TDF) was obtained by summing the SDF and IDF values.
Oxalic acid was determined by titration of the extract with 0.02 M KMnO 4 , and the percentage of oxalic acid calculated by multiplying titrate volume in mL by 1.8 (Moir, 1953) .
Starch granules from fresh samples were isolated after triturating the samples with cold water at 5℃ and sieving though 48 and 100 mesh to separate the fibers. The starch suspension was decanted for 12 h, centrifuged at 1,700 × g for 15 min, washed with water and ethanol and dried at 35℃ 4%(v/v) HCl) and the absorbance was measured at 500 nm in spectrophotometer, using the 4%(v/v) HCl solution as blank. The results were expressed as catechin equivalent, based on a standard curve of D-catechin with concentrations between 0.2 − 2.0 mg mL −1 (Prince et al., 1978) .
The oxalic acid content was determined as previously described (Moir et al., 1953) .
The microstructure of peach palm by-products flours were visualized by SEM after coating with gold in the Sputter Coater.
Statistical analysis The chemical analyses were carried out in three individual samples and the results were expressed as mean ± standard deviation in wet basis (w.b.) or dry basis (d.b.). ANOVA and Tukey's test were performed using the Statistica software version 6.0 (StatSoft, Inc.).
Results and Discussion
Characterization of peach palm portions The average weight of the peach palm rods as harvested was 6.3 kg. The most valued product in the market is the heart-of-palm obtained from central portion due to its appreciable texture; however, its yield is the lowest (8.1 g·100 g −1 ) of the cut stem when compared to the discarded portions (Table 1 ). The basal and central edible portions have similarly yield, amounting to 16.5 g·100 g −1 of the harvested peach palm stem, while the inedible stem portion had a higher yield (29.1 g·100 g −1
) and median sheaths comprised 16.7 g·100 g −1 of the peach palm stem. The most external sheath (shell) was discarded because of the undesirable color, corresponding to 37.5 g·100 g −1 of the residue. Despite the large volume of waste still generated the use of the median sheath and stem for flour production decreases in 45.8 g·100 g −1 the total of discharges generated in heart-of-palm processing. The edible portions had higher moisture content (approximately 90 g·100 g −1 ) than the sheath (86.6 g·100 g −1 )
and shell (81.3 g·100 g −1 ) ( Table 2 ). The canned products of heart-of-palm may be the basal portion (cubes) or the central (cylinders), and these portions had higher ash content
The color characteristics of the flours were defined by the parameters of CIE-Lab, L* (lightness), +a* (red) -a* (green), and +b* (yellow) -b* (blue) using the colorimeter Color Reader CR-10, Konica Minolta. C* (Chroma, color saturation) was obtained according Equation 2 (Giese, 2000) and H (hue angle) was calculated according to Equation 3 when positive results were generated for the first quadrant (+a*, +b*) and followed Equation 4 when negative values of a* and positive values of b* were obtained (second quadrant) (Mclellan et al., 1995) .
(2)
The best temperature for production of flour with lightest color was applied to dry the peach palm discarded portions and to study the yield and the antinutritional compounds.
By-products flours characterization The yield of stem flour (SF) and median sheath flour (MSF) of peach palm (dried at 60℃ for 36 h) was gravimetrically determined by the relationship between the weight of the material before and after drying in an oven with air circulation and grinding (100 mesh-passed).
The antinutrient components evaluated were phytic acid, oxalic acid and tannins. The extraction of phytic acid (PA) was carried out according to Thompson and Erdman (1982) , and after digestion and appropriate dilution of the samples, the phytic phosphorous (PP) was colorimetric determined in a spectrophotometer UV-VIS at 820 nm using the factor 3.55, related to 28.2% of phosphorus present in PA molecule, to convert phytic phosphorous values into phytic acid values. Phosphorus standard curve was a solution of K 2 HPO 4 with P concentrations varying from 1.25 to 12.5 μg·mL −1 (Chen et al., 1956) . Tannins components were extracted with 80%(v/v) acetone aqueous solution. A volume of 0.5 mL of the extract was mixed with 3 mL of vanillin-HCl (0.5% (w/v) vanillin, The FDA (Food and Drug Administration) recommended for adults the consumption of 25 g of DF per day. Considering the high moisture content of the edible peach palm portions, it would be necessary to consume a large amount of peach palm products to reach the daily demand of DF. The drying process concentrates this component, which is especially important in peach palm by-products, because these by-products are not used in the canning process due their undesirable texture and this alternative makes the process more feasible economically. Moreover, the use and application of by-products is important to minimize the impact of the discards in the environment.
The starch yield was higher in the edible central portion (8.9 g·100 g −1 d.b.) than in basal (3.0 g·100 g −1 d.b.) and the other portions (Table 1) . These values are lower than the ones observed in black beans, chick peas, lentils, navy and pinto beans, whose values varied between 20 to 37 g·100 g −1 (Hoover and Ratnayake, 2002 ). The shell has higher level of oxalic acid content (13.1 mg·100 g −1 w.b.), followed by the stem portion (11. . Oxalic acid is a common constituent of plants, and several species accumulate high levels of it, that has strong chelating ability with multivalent cations, and is considered an antinutrient (Massey et al., 2001) .
Microstructure of peach palm portions, starch and byproducts flours Stems of palms are stiff fibrous elements immersed in parenchymatous tissue, but we examined the younger tissues still covered by the protective sheaths cut from the top of the stem. Sample preparation for SEM re- and higher content of SDF in the cooked product (9.2 g·100 g −1 d.b.) than the values found in this study.
Various compounds including cellulose, hemicellulose, pectin, gum, resistant starch, inulin, lignin and others compose the dietary fiber fraction of foods. Total DF is divided into two fractions, one of which is soluble in water at 100℃ and it is chiefly involved in the lowering effects on blood cholesterol and glucose by reducing intestinal absorption, whereas the fraction insoluble in water is more effective in intestinal regulation. The consumption of foods with high dietary fiber content is important due to the effect in prevention of several diseases such as colon cancer, coronary heart disease, obesity, diabetes and gastrointestinal disorders (Elleuch et al., 2011; Scheneeman, 1987) . Table 2 . Moisture, polyphenol oxidase and peroxidase activity, and color parameters of fresh parts of peach palm (stem and median sheath) and flours dried at different temperatures. is relatively thin and formed of cellulose and hemicellulose, with a layer of pectic substances. Around the vascular tissues some parenchyma cells may develop a secondary wall or become lignified and fibers are visible surrounding the vessels ( Figure 2C ). In general these vessels exhibited scalariform thickening in lateral wall (Figure 2A ) characterized by the deposition of lignin and hemicelluloses (Rudall, 2007) .
sulted in elimination of most of the protoplasm from the cells and the observation was done on the remaining solids components and the structure formed by the cell walls and vascular bundles. The stem portion (bellow the heart-of-palm) (Figure 1 ) had xylem and phloem vessels surrounded by parenchyma cells (Figure 2A, B, C) . The cell wall of parenchyma tissue The starch granules isolated from peach palm were observed by SEM and the image ( Figure 3A) showed rounded, small and irregular granules with diameters varying from 0.7 to 5.1 µm. Fibers were still visible indicating that the isolation of the starch retained some of this material. The starch granule is characteristic of a botanical source and it can be used for plant identification.
The micrographs showed calcium oxalates crystals in two different formats. In shell and median sheath there were druses crystals ( Figure 2E , F) whereas the edible portions had raphide crystals ( Figure 2J, L) . In the stem portion the presence of these crystals was not observed, although it had a high content of oxalic acid. These crystals are commonly observed in palms of Arecaceae and in other monocotyledons (Dahlgren and Clifford, 1982) . The presence of inclusions in parenchyma of sheath is similar to that was observed by Simas et al. (2010) referred to as druses that contain multiple crystals of calcium oxalate. The druses are multifaceted conglomerate crystals often single, but also multiple per cell. The raphide crystal is a needle-shaped calcium oxalate crystal, often with grooves along its sides, that occurs as bundles of hundreds to thousands in the vacuole of a cell. Particular specie will form only a certain crystal type or subset of crystal morphologies. This is important because it indicates that the cells and the genetics of the particular species forming these crystals control the morphology.
The oxalate crystals formation is a normal physiological
The epidermis cells adaxial to the external sheath portion ( Figure 2D ) are elongated, irregular and have depressions on the edges of the cells; the stomata appear above the epidermis. Uzzo (2008) analyzing the leaves of king palm noticed that they are hypostomatic, so present only in the lower epidermis, arranged in discrete rows with irregular distribution. According to Passos and Mendonça (2006) tetracytic stomata, formed by a pair of guard cells, a pair of subsidiary cells parallel, and with ends containing two further subsidiary cells, polar, smaller and rounded, is commonly found in palms. Around the stomata it was observed the presence of wax crystals ( Figure 2G ).
In the median sheaths cells it was noted the presence of leucoplasts ( Figure 2F ), which are plastids responsible for nutrients synthesis. Parenchyma cells and sclerenchyma fibers were observed in median sheath ( Figure 2H ). This tissue is the most resistant and specialized among support tissues and fibers were the main component of this portion, as described in the proximate composition. The cell walls of sclerenchyma have the property of elasticity and mechanical support for the vascular bundles (Rudall, 2007; Trigiano and Gray, 2005) .
In the basal portion phloem and xylem vessels are surrounded by fibrous sheaths with lignin ( Figure 2I ), which were not observed in the central portion ( Figure 2K ). The edible portions had higher number of leucoplasts ( Figure 2J, L) than the other portions, probably amyloplast due to the similarity to starch granules isolated ( Figure 3A) . The presence of this reserve polysaccharide in the younger portions of peach palm (heart-of-palm) is an important characteristic of ing-time, environmental conditions and genetic factors of the plants.
The color parameter brightness (L*) of SF and MSF after drying at 60℃ was not different from the one of the fresh portions, however these values decreased with the increasing drying temperatures ( Table 2) . The color parameters a*, b* and H had a gradual change with the drying temperature, which was more pronounced in the flours dried at 90℃, whose brown color stood out over the cream color of the fresh portions. The peach palm fresh portions and the flours dried at 60 and 75℃ have hue angle closer to 90° which is in the yellowness quadrant (Table 2) . Furthermore, higher drying temperatures caused an increase in Chroma values (C*) indicating opacity increase. The lightest color of flours obtained at 60℃ is interesting to facilitate their addition in food, like bakery products.
Due to the decrease in oxidative enzyme activity and the increase in the darkening of the flours with the increase of temperature, non enzymatic browning can be the main cause of the dark coloration found in the flours processed at high temperature. The browning could be from Maillard reaction, which occurs by the interaction between amino acids and saccharides or from caramelization of saccharides in drying conditions. The temperature of 60℃ was chosen to dry the peach palm residue, because at this temperature the color was similar to the fresh product and the lower temperature minimize energy consumption, promoting an economical process and preserving nutrients of the raw material.
Flours Characterization The peach palm by-products were milled into flours of different particle sizes. The SF and MSF of 100 mesh-passed particle size had the highest yield 39.7 g·100 g −1 and 52.1 g·100 g −1 , respectively, and better technological properties (data not shown), so they were chosen for the study. This particle size of the flours studied is similar to the value commonly found in wheat flour (80 mesh-passed), thus SF and MSF can be an alternative ingredient to be used in bakery products with high fiber content. The tannin content of SF (295.4 mg·100 g −1
) was higher than that in MSF (255.5 mg·100 g −1 ). Tannins belong to the group of polyphenols and the interaction of these compounds process found in all major groups of photosynthetic organisms. There are numerous hypotheses regarding crystal function in plants, including calcium regulation, plant protection, detoxification, ion balance, tissue support/plant rigidity, and even light gathering and reflection. The crystals found in edible portion of peach palm (raphides) perform a dual function, initially Ca regulation in mature state, and a defense mechanism (Franceschi and Nakata, 2005) .
The micrographs of flours revealed the fibrous tissue disorganization due to the milling processing. The SF images ( Figure 3B , C) reveal residues of parenchyma and sclerenchyma, and some vessels of xylem, as well as observed in MSF images (Figure 3 D, F) . These micrographs indicated that fibers are the main component of the flours and the effect of cutting, drying and milling in the peach palm portions.
Oxidative enzyme activity and color parameters The SF dried at 90℃ had the lower moisture content (6.0 g·100 g −1 ) than the stem flours dried at 60 and 75℃, whereas in the MSF the final moisture content did not differ among the drying temperatures used, varying from 5.5 to 6.7 g·100 g −1 (Table 2 ). In both flours the initial moisture content decreased approximately 92%.
It was known that POD performs single-electron oxidation on a wide variety of compounds, but this activity is limited due the low level of hydrogen peroxide in vegetal tissue, which can be produced by PPO. Although a possible synergistic effect between these enzymes cannot be excluded, the main enzyme responsible for browning is PPO (Tomás-Barberan and Espín, 2001), whose activity varied from 1.3 to 3. ). The highest POD activity was found in the flours dried at 60℃. The decrease of moisture content in the flours resulted in relatively higher PPO and POD enzyme activity in the extracts, before there was heat inactivation. However, higher drying temperatures decreased the oxidative enzyme activity and it was not detected in the extracts of flours dried at 90℃. Galdino and Clemente (2008) tested the thermo stability of PPO and POD extracted from heart-of-palm, also noted a gradual decrease in enzyme activity with increasing temperature. The oxidative enzyme activity may change according to age/harvest- lightest flour was obtained in the drying process conducted at 60℃ although not all the oxidative enzymes were inactivated. Phytic acid was similar in both flours, but SF had higher levels of oxalic acid and tannins than MSF.
with proteins form complexes which can decrease the solubility of proteins. The complex formed can become less susceptible to proteolyses than the same proteins isolated, they impair starch and disaccharide assimilation and interact with proteases inhibiting their activity (Reddy et al., 1985) . However, phenolic compounds may interact with free radicals and reduce the risk of certain diseases, acting as antioxidants (Sreerama et al., 2012) . There was no difference in phytic acid (PA) content among the flours studied. Higher concentrations of PA were found in chickpea, cowpea and horse gram (Sreerama et al., 2012) . Similar values of these compounds were verified in king palm flour 762.5 mg·100g −1 for phytate and 281.8 mg·100g −1 for tannins (Vieira et al., 2009) .
PA is considered an antinutrient because of their inhibitory effect on the bioavailability of minerals through its chelating power. However, this property confers to PA antioxidant function, due to its ability to chelate iron, blocking all the possibilities of bonds and preventing the mineral to catalyze the formation of hydroxyl groups. The chelating potential of PA may result in benefits to the human health, such as lowering cholesterol and triglycerides, preventing heart disease, kidney stones and certain types of cancers such as colon (Jenab and Thompson, 2002) .
The oxalic acid content was higher in SF (84.1 mg·100g −1 ) than in MSF (57.4 mg·100g −1 ), lower than that found in buckwheat flour (269 mg·100g −1
) and soybean flour (183 mg·100g −1 ) and higher than that observed in barley flour (56 mg·100g −1 ), corn flour (54 mg·100g −1 ), dark rye (51 mg·100g −1 ) and semolina (48 mg·100g −1 ) (Chai and Liebman, 2005) . In extreme cases, the consumption of foods containing oxalate may lead to a condition known as oxalosis caused by calcium oxalate deposited in tissues. Food with moderate doses of oxalate may lead to the development of kidney stones (Homes and Kennedy, 2000) , and for persons that already have this condition the Chicago Dietetics Association recommends a maximum intake of 50 to 60 mg of oxalate a day.
Conclusions
In peach palm portions the content of protein, fat, ash and starch increased from the stem to the central edible portion, while TDF decreased. The high level of SDF and lower content of IDF in the central portion corresponded to most desirable texture of this portion used to make canned products. The tissue is formed mostly by fibrous material and there are different types of mineral inclusions as visualized in the SEM micrographs. The flours produced from the discarded portions in the canning processing can have an alternative use in food industry as fibrous material of light color. The
